This study has shown that certain ring substitutions on aminobenzoic acids are possible without greatly affecting the favorable chelating properties of the parent ligand. It was also shown that para substitution of methyl groups yields more stable complexes than does ortho substitution relative to the amino group. M eta substitution of chlorine enhances chelate formation and yields very insoluble complexes in yields approaching one hundred per cent.
A num ber of m etal ion com plexes of anthran ilic acid have been rep o rted and th eir stability constants have been m easured 1; these data are available fo r the c o p p e r(II) and c a d m iu m (II) complexes of an th ra n ilic acid an d its 3-methyl-, iV-methyl-, and 7V-phenyl-derivatives. H il l and C u r r a n 2 on the basis of extensive in fra re d and ultraviolet studies classified the reactio n p roducts of an th ran ilic acid and several m etal cations as those th at form ed square p lan ar com plexes and those that form ed salts. L ater, K h a k im ow and Azizov 3 rep o rted th at the com position of am inobenzoic acid com plexes w ith m etal cations differed according to the relative positions of the carboxylate and am ino groups on the ligand. V a s il e sc u and S p i n e a n u 4> 5 reported the usefulness of the dibrom o-acid as a gravim etric reagent for zinc and cadm ium . It was the purpose of the research reported in the present p ap e r to prep are and study a variety of com pounds betw een m etal cations and various substituted am inobenzoic acids; in frared studies have been used p rim a rily to determ ine w hether com pounds form ed w ere co o rd in atio n com plexes o r salts, and to establish w here possible the relative o rd er of stability of the com plexes.
T he acids used in the first p o rtio n of the research w ere as follow s: an th ra n ilic acid, 3-m ethylanthranilic acid, 3 ,5 -d im eth y lan th ran ilic acid, 6-am ino-3-m ethylbenzoic acid, an d 2-am ino-4-chlorobenzoic acid. These m aterials w ere purchased as reagent g rad e chem icals an d w ere recrystallized twice from ethanol. The sodium salt of each acid was then p rep a re d to serve as a source of th e ligand anion. M etal cations used w ere m ag n esiu m (II), calcium (II), chrom ium ( I I I ) , m anganese ( I I ) , iro n ( I I ) , iro n ( I I I ) , c o b a lt( I I) , n ic k e l(II), c o p p e r (I I) , c a d m iu m (II). and zinc ( I I ) . S olutions of these cations were 1 m olar and, w ith the exception of the iro n salts, were in the form of the n itra te s; iro n salts w ere p rep ared as sulfates. The m etal cations chosen cover the F irst T ra n sitio n Series w ith the exception of scandium , 4 C. V a s i l e s c u and A. S p i n e a n u , Ser. Stiint. Nat. 9, 2 6 [ I 9 6 0 ] . 5 C. V a s i l e s c u and A. S p i n e a n u , Ser. Stiint. Nat. 10, 2 3 5 [1 9 6 1 ] . titanium , and vanadium . C adm ium was chosen for com parison w ith zinc and also fo r checks on existing literatu re ; m agnesium and calcium w ere added to com plem ent zinc and cadm ium . T hus, fifty-five com pounds were possible, and of these forty -fo u r were p rep ared either as com plexes or as salts.
In general, the syntheses followed the p rocedure outlined by H il l and C u r r a n 2 and involved the reaction of the various m etal cations w ith the sodium salt of the a p p ro p riate ligand acid in aqueous solution. The usual concentration of ligand was 0.2 to 0.4 m olar, an d the m etal cation solution was added in slight stoichiom etric excess to ensure com plete reaction. In alm ost every case p recip itatio n occurred either im m ediately or after a few m inutes standing at room tem perature. In a few cases, the precipitate proved to be the acid itself; this was especially tru e for the chrom ium (III) and iro n (III) products. U nder these conditions yields w ere quite v ariab le but yielded enough m aterial fo r in fra red an d ultraviolet-visible spectrophotom etry and for elem ental analysis for carbon and hydrogen. T able I presents some of these yield d a ta : Table I . Percent yield of selected complexes. Note: 2A4ClBenz = 2-amino-4-chlorobenzoate, 3MeAnth = 3-methylanthranilate, 3,5DimeAnth = 3,5-dimethylanthranilate.
The tim e req u ired fo r precipitation w as likewise variable and ranged from im m ediate reactio n to over two hours. T he data presented in Table II represent approxim ate tim e in m inutes req u ired fo r p recip i tatio n of the various com plexes and sa lts; the color of the precipitate is included for com pleteness.
The precipitates form ed by the m ethod outlined above were recovered by filtration an d w ere sub jected to the follow ing tests: 1) solubility in a variety of both p o lar and nonp o lar solvents, 2) relative m olar conductance m easurem ents both in w ater and in ethanol, 3) elem ental analysis for carb o n and h y d ro g en , and 4) in fra red and ultraviolet-visible ab so rp tio n spectrophotom etry. In the latter tests, potassium brom ide tablets w ere used because of the very lim ited solubility of the com plexes and salts in su itab le solvents. These tablets were p rep ared by carefully g rin d in g together 4 0 0 m illigram s of special in fra red g rad e potassium brom ide of 2 0 0 m esh and th ree m illigram s of the com plex or sa lt; they were pressed at 2 0 ,0 0 0 pounds per sq u are inch in a special die and could be used fo r b oth the in frared an d the ultraviolet-visible determ inations. M olecular w eight determ inations were also attem pted, b u t these w ere unsuccessful because of the very lim ited so lu b ility of the com pounds. Results of these physical exam inations will be discussed in order. Solubility: In general, the p recipitates w ere solu ble in w ater to a very lim ited degree. S olubility p ro d u ct constants w ere not calculated, b u t no p recip itate w as soluble to the extent th at an aqueous solution w as m ore concentrated than 1 0 -4 m o lar at 100 geg rees C. S im ilar solubilities, ran g in g up to som ew hat less th an 1 0 -3 m olar, were obtained usin g solvents such as glacial acetic acid, acetophenone, n-am yl acetate, benzene, carbon tetrachloride, diethyl ether, dim ethyl ether, dim ethyl form am ide, dim ethyl oxyethane, dim ethyl sulfoxide, diethylene glycol diethyl ether, dioxane, ethanol, m esitylene, n itrotoluene, T he results of a very large num ber of analytical determ inations fo r carbon and hydrogen are p re sented in T able IV ; these data are necessarily se lected, b u t they are also representative and a few d ep a rt considerably from th at predicted on the basis of the assum ed structure. In addition ashing was attem pted w ith a few com plexes; typically these gave fa ir results. The copper (II) com plex of anthran ilic acid, fo r exam ple, gave copper as 19.1 per cent; the calculated am ount is 19.1 p er cent. D iscrepancies in T able IV are due to the fact that m ost of the com plexes p rep ared seem to contain v aria b le am ounts of w ater in the coordination sphere and also in co rp o rated in the crystal lattice.
T he in fra re d data are of p rim a ry im portance be cause th e ir in te rp re tatio n is necessary to distinguish betw een those p roducts th at were coordination com plexes and those th a t were salts. These m ethods are well k n o w n 2 and need not be described here in detail. In all cases of com plex form ation, there were characteristic shifts of from 100 cm -1 to 200 cm -1 to low er wave num bers in the 3500 cm -1 region attrib u te d to N -H stretching. In ad d itio n to the p ro n o u n ced sh ift in this region, the two peaks noted in th e free acid w ere accom panied by a th ird much w eaker peak o r shoulder lying between them in the com plexes. D efinite shifts in the 1100 -1000 cm -1 reg io n w ere also characteristic of. The asym m etric stretching frequencies in the 1600 -15 0 0 cm -1 reg io n w ere n o t read ily resolved w ith the instrum ent used (P erk in -E lm er 137 B) and were not used in in te rp re tatio n . D ata concerning the relative shifts in the 3 5 0 0 cm -1 reg io n and in the 1100 -1000 cm -1 reg io n w ere used to determ ine the relative o rd er of stab ility of th e com plexes in each series. Tables V th ro u g h IX p resen t d ata for the p rin cip al absorption peaks in each series of com plexes; data are included also fo r the free acid and fo r the sodium salt in each series. W ith iro n (II) and iro n ( I I I ) , salts w ere produced as evidenced by the lack of shiftin g in the in fra re d spectra of these com pounds. N o com pound was form ed w ith chrom ium ( I I I ) , b u t ra th e r the free acid was p recipitated. It was noted th a t although the presence of the m ethyl group in the n um ber 3 p o sition did not drastically inh ib it com plex form ation, the absorbances in the regions of h igh w avenum ber w ere low er than fo r sim ilar com plexes form ed w ith an th ran ilic acid. T his difference was not noticeable in the low w avenum ber region. As was the case w ith 3-m ethylanthranilic acid, the 3.5-dim ethyl-anthranilic acid form ed a salt w ith iro n ( I I I ) ; chrom ium (III) ad d itio n p recip itated the free acid from aqueous solutions. G reater shifts in the 3 5 0 0 cm -1 region fo r this series and the fact th at iro n (II) form ed a com plex rath e r th an a salt indicates th at this ligand form s m ore stable com plexes than does 3-m ethylanthranilic acid. T he o rd er of stability of the com plexes in the two series is, how ever, nearly in the sam e o rder.
C a lciu m (II) and ca d m iu m (II) form ed salts w ith 2-amino-4-chlorobenzoic acid as indicated by study of the in fra red spectra and the lade of shifts th erein ; these spectra were very much like those of sodium and oth er know n salts. The presence of the chlorine atom in the num ber 4 position tended to pro d u ce a ligand th at yielded m ore stable com plexes th an was the case w ith either 3 -m ethylanthranilic acid or 3.5-dim ethylanthranilic acid. B oth chrom ium (III) and iro n (III) precipitated the free acid from aqueous solutions. On the basis of the data in Tables V through IX , it m ay be concluded that the substitution of a methyl group adjacen t on the rin g to the carbon atom b ea rin g the coordinated nitro g en atom results in restric tio n of the shift in the N -H in frared ab so rp tion bands of h igh w avenum ber, probably because of rin g stabilization and electrostatic effects am ong others.
Stability sequences for the various series of complexes
On the basis of in fra red data and the calculation of relative shifts in the 350 0 cm -1 region and in the 1100 -1000 cm -1 region, relative stabilities were assigned to the various com plexes form ed w ithin each series. T hese relative stabilities are reported below un d er the nam e of the ligand source. It is of in terest to note th a t copper was in every case the m etal cation fo rm in g the strongest com plex, and th at zinc, nickel, an d cobalt w ere usually of ap proxim ately the sam e com plex fo rm in g ability. Iro n and m anganese com plexes were the least stable, b u t the com plexes of cadm ium were m ost v ariable in stability.
